Purpose The pathomechanism of cervical myelopathy due to cervical ossification of posterior longitudinal ligament (C-OPLL) remains unclear. No previous literature has quantified the influence of dynamic factors on cervical myelopathy due to C-OPLL. The purpose was to investigate the influence of dynamic factors on the spinal column in the patients with C-OPLL using CT scan after myelography (MCT). Methods The study included 41 patients with cervical myelopathy due to C-OPLL. An MCT was done during neck flexion and extension, and spinal cord cross-sectional areas (SCCSA) were measured at each disc level between C2/3 and C7/T1. Ossification morphology at each segment was divided into three groups, connection department, coating part, and non-connection department of OPLL group. Dynamic changes of SCCSA in each group of ossification morphology were calculated. The relationship between clinical results and SCCSA at the narrowest level was investigated. Results MCT showed SCCSA changes during neck extension; 7.4 ± 5.1 mm 2 in the connection department, 5.8 ± 6.0 mm 2 in the coating part, and 6.7 ± 6.4 mm 2 in the non-connection department of OPLL group. There difference was not statistically significant. There was a weak correlation between the JOA score and SCCSA at the narrowest level (R = 0.49). There was no significant correlation between the recovery rate of JOA score and SCCSA at the narrowest level (R = 0.37).
Introduction
In recent years, cervical spondylotic myelopathy (CSM) and compressive myelopathy caused by cervical ossification of posterior longitudinal ligament (C-OPLL) are increasing with the aging population. Dynamic factors are one of the causes of CSM [12] . However, the pathomechanism of cervical myelopathy caused by C-OPLL remains unknown. Despite spinal stenosis (6 mm \ space available for the spinal cord \14 mm), myelopathy may not develop in patients with the severe limitation of range of cervical spine [5] . This indicates that not only static factors but also dynamic factors, such as listhesis or hypermobility at the discontinuity of the ossified lesion, play important roles in the development of myelopathy, especially in mixed and segmental OPLL. It is thought that spinal cord cross-sectional areas (SCCSA) in patients with C-OPLL slowly become narrower, and the influence of dynamic factors is not as important as in the patients with C-OPLL. However, this concept does not always apply to patients with C-OPLL. The purpose of this study was to measure SCCSA during flexion and extension in patients with C-OPLL, and to elucidate the influence of dynamic factors on the spinal cord in those patients.
Materials and methods
Forty-one patients (Male 32; Female 9) were enrolled in this study. Their average age was 63 years (44-81 years). All these patients had undergone surgical treatment for cervical myelopathy due to C-OPLL. The surgical methods of all cases were double-door laminoplasty. Informed consent was obtained from all patients before enrollment. Patients with spinal cord injury without radiological evidence of trauma were excluded from this study.
Preoperative CT scans after myelography (MCT) were taken in all subjects in maximum neck flexion and extension (Fig. 1 ). SCCSA at each disc level between C2/3 and C7/T1 in axial view were measured using imaging (NIH image) software (Fig. 2) . The images were perpendicularly as much as possible. Ossification morphology at each disc segment was divided into three groups: connection department, coating part, and non-connection department of OPLL. The connection department of OPLL group included continuous type and localized type of OPLL. The coating part of OPLL group included tip of continuous type and segmental type of OPLL (Fig. 3) . The relationship between dynamic changes of SCCSA and the type of ossification morphology was also investigated.
A functional scale based on the Japanese Orthopedic Association (JOA) score was used for the assessment of patient disability resulting from cervical myelopathy. The JOA score quantifies neurologic impairment by evaluating upper extremity function (4 points), lower extremity function (4 points), sensations (6 points), and urinary bladder function (3 points), amounting up to a full score of 17 points. The recovery rate after surgery was evaluated with the formula suggested by Hirabayashi et al. [2] .
SCCSA during neck flexion and extension were measured twice [1] , and these data never varied more than 5 % in the statistical analysis. Data analysis was performed with Stat View 5.0 software (ABACUS, Berkeley, CA). All the values are expressed as mean ± standard deviation.
Correlation between the JOA score and SCCSA at the narrowest level and also correlation between recovery rate of the JOA score and SCCSA at the narrowest level were examined. Comparisons between the groups were performed using analysis of variance with a post hoc test (Kruskal-Wallis test). A P value \ 0.05 was considered significant. Spearman rank correlation coefficient was used to determine correlations.
Results
The results of all SCCSA were summarized in Table 1 .
There were 18 disc levels of the connection department, 21 disc levels of the coating part, and 207 disc levels of the non-connection department of OPLL group. The average SCCSA changes during flexion and extension were 7.4 ± 5.1 mm 2 in the connection department, 5.8 ± 6.0 mm 2 in the coating part, and 6.7 ± 6.4 mm 2 in the non-connection department of OPLL group. There was no statistically significant difference (Fig. 4) .
The JOA score was 9.6 ± 3.0 points preoperatively, and 12.7 ± 2.5 points at the final follow-up. There was a weak correlation between the preoperative JOA score and SCCSA at the maximally stenotic level (R = 0.49, Fig. 5 ). The recovery rate of the JOA score was 42 ± 29 %. There was no significant correlation between the recovery rate of the JOA score and SCCSA at the narrowest level (R = 0.37, Fig. 6 ).
Discussion
The influence of dynamic factors on the cervical spine has been reported using flexion-extension MRI [4] . Dynamic factors are proposed to be involved in the pathogenesis of CSM. However, the pathomechanism of myelopathy in C-OPLL remains unknown. In addition, no previous literature has quantified the level of dynamic factor involvement in C-OPLL. Therefore, SCCSA using MCT were measured to elucidate the influence of dynamic factors. There was no significant difference in the dynamic changes of SCCSA between the connection department, coating part, and non-connection department of OPLL.
It is thought that SCCSA in patients with C-OPLL gradually become narrower [7] . It has been suggested that the influence of dynamic factors is less in patients with matured continuous OPLL. However, this concept does not always apply to all patients with continuous OPLL. Matsunaga et al. [8, 9] showed that in patients with C-OPLL, involvement of not only chronic pathologic compressive factors caused by OPLL but also of circulatory and dynamic factors were thought to be important in development and aggravation of myelopathy. Morio et al. [11] suggested that important factors in the onset or aggravation of myelopathy are related to pathological compression by OPLL, cervical soft disc herniation, a developmentally narrow spinal canal, and a local or nonproportional hypermobility.
Matsunaga et al. [6] also reported that during the natural course of OPLL in the cervical spine, 37 (22 %) of 167 patients developed or suffered from aggravated spinal symptoms. All patients with less than 6 mm space available for the spinal cord (SAC) suffered from myelopathy, whereas patients with 14 mm or greater did not. No correlation was found between the presence and absence of myelopathy in patients whose SAC diameter ranged from 6 to 14 mm. However, in this study, there was a weak correlation between the preoperative JOA score and SCCSA at the narrowest level. There is a possibility that myelopathy is aggravated by dynamic factors, even in the connection department of OPLL. Uchida et al. [14] reported a significant correlation between the proportion of apoptotic oligodendrocytes in the compressed area of the spinal cord and the magnitude of cord compression in the spinal hyperostotic mouse (twy/ twy). Sun et al. [13] suggested that regardless of hyperintensity on T2-weighted imaging or hypointensity on T1-weighted imaging on magnetic resonance imaging (MRI) in patients with OPLL, severe damage to the spinal cord is indicated. They recommended that surgical treatment should be provided before the advent of intramedullary spinal cord changes in signal intensity on MRI. Liu et al. [5] also suggested that preoperative assessment of cervical curvature, MRIT2 signal, and occupying ratio can be used to guide clinical surgical approach selection to potentially produce better long-term outcomes in patients with OPLL.
Turel et al. [10] reported that oblique cervical corpectomy for CSM preserves segmental and the whole spine ROM. The whole spine and segmental ROM decreased by 11.2°and 10.9°, respectively. The reduction in this ROM is probably related to degenerative ossification of spinal ligaments. Inoue et al. [3] reported a case with multiple-level cervical ossification of the ligamentum flavum (OLF) combined with calcification of the posterior atlanto-axial membrane and ligamentum flavum (CLF). Simultaneous development of cervical OLF and CLF in this case seems unlikely to have occurred coincidentally and suggests that the pathogenesis of OLF and CLF may share a common initiation factor.
Limitations of the study are examination about the ROM, the spinal cord changes in signal intensity on MRI, and existence of CLF. Examination will be necessary about the differences between the ROM based on MCT and based on X-ray. Examination is necessary about these relations and should assume it a help of the surgical method choice.
We should observe closely the natural course of patients with C-OPLL from dynamic factors even in patients with mature C-OPLL, and it will be necessary to think about treatment with dynamic factors.
Conclusions
This study was performed to measure SCCSA during neck flexion and extension in patients with C-OPLL, and to investigate the influence of dynamic factors on the spinal cord. The average SCCSA changes during flexion and Relationship between the recovery rate of the JOA score and spinal cord cross-sectional area at the severest stenotic level. There was no significant correlation between the recovery rate of the JOA score and SCCSA at the narrowest level (R = 0.37) extension were 7.4 ± 5.1 mm 2 in the connection department of OPLL group, 5.8 ± 6.0 mm 2 in the coating part of OPLL group, and 6.7 ± 6.4 mm 2 in the non-connection department of OPLL group. There was no statistically significant difference. This study demonstrates that there is an influence of dynamic factors on spinal cord compression even in the connection department of OPLL.
